On the other hand, iso-154K+solution remarkably increased the relative cellular water content in the early or middle stage muscle, but moderately in the late or end stage one. In
Introduction
An elevation of potassium concentration (high K+) in a physiological salt solution (PSS) induces a sustained contraction in various kinds of smooth muscle preparations. It has been accepted that an application of high K+solution to smooth muscle causes depolarization accompanying a contraction which depends on extracellular Ca2+entering through a voltagedependent Ca2+channel (Bolton 1979; van Breemen 1979) . The high K+-induced contraction has been widely employed for studies on excitation-contraction coupling in smooth muscles and also utilized as a standard contraction for the pharmacological analysis of chemical agents in various smooth muscles.
High K+solution is usually prepared either by adding KCl hyperosmotically to PSS or by substituting NaCl with isosmolar KCl (Weiss 1975) . Although a hyperosmotically added high
K+solution induces a sustained contraction, an isosmotically substituted high K+/Na+ deficient solution induces a contraction followed by a gradual relaxation in various kinds of smooth muscles. The mechanism of this relaxation was classified by the following group: 1) cell swelling induced by high K+and Cl-(rabbit aorta (Suzuki et al. 1981) , guinea-pig trachea (Shimizu et al. 1984) ), 2) the inhibition of glucose utilization by Na+deficiency in the medium (guinea-pig urinary bladder (Shimizu et al. 1984) , rat urinary bladder (Kamizaki et al. 1988) ), 3) caused by both the cell swelling and inhibition of glucose utilization by Na+ deficiency in the medium (rabbit trachea (Ueda et al. 1983) , guinea-pig gall bladder (Shimizu et al. 1984) , guineapig taenia coli (Suzuki et al. 1980 , Karaki et al. 1982 ).
On the other hand, it has been reported that the high K+ induced contraction in rat uterus is under the influence of estrogen and progesteron (Ishii et al. 1986 , Takayama et al. 1986 , Uruno et al. 1983 . We have already reported that the decrease of the developed tension in isosmotically substituted high K+/Na+deficient solution in rat uterus of estrus phase is probably due to the cell swelling (Kamizaki et al. 1988) . In the present study, we examined the effects of isosmotically substituted high K+/Na+ deficient solution on mechanical response and wet weight in rat uterus with the progress of the pregnancy.
Materials and Methods
To obtain a pregnant rat, a female and virgin rat (Wistar Imamichi, 250-300 g) in proestrus phase, which was determined by microscopic examination, was mated with a male rat. A male and a female (proestrus) were housed together during the night. And following morning, the presense of spermatozoa in the vagina is taken as an evidence of mating. The day of mating is Day 0 of pregnancy.
The progress of pregnancy was divided into four stages, early stage Pregnant rats in each stage were stunned by a blow on the head and bled to death. The uterus was removed from the opened abdomen by cutting at the cervical end. A uterine myometrial preparation, about 10mm long and about 1mm wide, was used of a longitudinal muscle. One end of the strip was bound to a glass holder with a silk thread, and the other end was connected to a strain-gauge transducer (Nihon Kohden) with the thread. The muscles were suspended in the organ bath containing 15ml of PSS, and were loaded with 0.5g tension.
The muscle contractions were isometrically recorded. 
{1-(relative ECS+relative dry weight)} (treated muscle)/ {1-(relative ECS+relative dry weight)} (control muscle)
Assuming that the specific gravity of the muscle is 1, the relative extracellular space (ECS) was expressed as ECS (mg)/wet weight (mg). The relative dry weight was expressed as dry weight (mg)/wet weight (mg). Since ECS and the dry weight of the uterus were not determined in the present experiment, values reported in the literatures were used in the calculation: the values of ECS in the guinea-pig uterus have been reported to be 0.54 (Kishimoto et al. 1982 ).
Furthermore, data on the several types of smooth muscle (Jones et al. 1973; Karaki et al. 1978; Shimizu et al. 1984; Suzuki et al. 1981; Ueda et al. 1983) indicated that the high K+/Na+ deficient solution did not change the relative value of the dry weight (0.17) of these tissues, but decreased the relative values of ECS by 20%. Accordingly, in this experiment, the ratio of cellular water content can be calculated by the above equation assuming that the relative dry weight of the muscle is 0.17 in the normal PSS or high K+/Na+deficient solution, and that the relative ECS value of the muscle in normal PSS is 0.54 and ECS value of the muscle in the high K+/Na+ deficient solution is decreased by 20% (0.43). 
Hyperosmotic addition of sucrose
In the uterus of the early stage, the addition of sucrose at a concentration of 25 or 50mM
to the medium reversed the inhibition of developed tension by the iso-154 K+solution to 74.0 or 90.3% at 120min in comparison with the maximal contraction (100%) by iso-154 K+solution, respectively. In muscle of the other stages, the addition of sucrose also reversed the decreased tension by iso-154 K+solution similar to that in the early stage (Table 2) . Although the higher concentration (50mM) of sucrose induced more increase of the tension in the early or end stage muscle, it did not increase in a concentration dependent manner in the middle or late stage muscle.
The increased relative wet weight or cellular water content by iso-154 K+solution were decreased by the addition of 50mM sucrose to the medium, remarkably in the early or middle stage muscles but moderately in the late or end stage muscle (Table 1) .
Anion substitution
In this series of experiments, the effect of an impermeant anion (C2H5COO-) or permeant ones (NO3-or I-) was compared on the decrease of the tension by iso-154 K+solution containing Cl-. The early stage muscle developed a smaller tension in a substituted (C2H5COO-) solution than that induced by iso-154 K+solution, which gradually decreased to 44.4% of the maximal tension at 120min. A T1/2 value was 128.2min, which was calculated from the curve of the time course of tension change in the C2H5COO--substituted K+ solution (Table 3) . By contrast, the developed tension in a KNO3 or KI-substituted K+solution was more rapidly decreased than that in the iso-154 K+solution, and a relative inhibition at 120min was 95.6% or 100% to the maximal tension, respectively. These results show that an order of anion permeability (I->NO3->Cl->C2H5COO-) corresponded to that of the decrease in high K+-induced contraction by the anion substitution (I->NO3->Cl- in the early stage uterus. Although the C2H5COO-substitution for Cl-decreased the inhibition of iso-154 K+-induced contraction in the early stage muscle, this substitution increased the inhibition to 88.2% in the end stage muscle which showed 45.3% of inhibition in the iso-154 K+solution (Cl-).
However, the substitution of the permeant anion, NO3-or I-, enhanced the decrease in the developed tension by the elevation of K+concentration in the end stage muscle as well as the early stage one.
Effects of a pyruvate or oxalacetate addition on the iso-154 K+-induced contraction
The tension of the early stage muscle developed by the iso-154 K+solution decreased to 11.6% of the maximal tension at 120min. The substitution of pyruvate (5.5mM) or oxalacetate (5.5mM) for glucose in iso-154 K+solution did not affect the decreased tension in the early stage muscle. However, the decreased tension was reversed by the addition of pyruvate or oxalacetate with the progress of pregnancy.
In the end stage muscle, the addition of pyruvate or oxalacetate markedly prevented the decrease in tension by iso-154 K+solution (Table 2) .
Discussion
In the rat uterus of all stages of pregnancy (early, middle, late and end stages), the iso-154 K+solution induced a contraction followed by a gradual decrease in tension level. The iso-154 K+solution remarkably increased the cellular water content of muscles in the early and middle stages, however, moderately in the late and end stages.
In the early stage muscle, the hyperosmotic addition of sucrose markedly reversed the inhibition of muscle tension and the increased cellular water content induced by the iso-154 K+ solution. The substituted K propionate solution, which C2H5COO-is more impermeable anion than Cl-, inhibited slightly the decrease in the tension induced by iso-154 K+solution, and the substitution for Cl-with more permeable anions (NO3-or I-) produced a greater inhibtion of the contraction, and the order of anion permeability corresponded to that of the change in high K+-induced contraction by the anion substitution. On the other hand, it is well known that glucose enters into the cell with Na+in a symport system, though pyruvate or oxalacetate enters without Na+ The substitution of pyruvate or oxalacetate for glucose in iso-154 K+ solution did not affect the decreased tension. From these data, the decreased tension induced by iso-154 K+or isosmotically substituted high K+/Na+deficient solution in the rat pregnant uterus of the early stage is probably due to cell swelling by the high K+and Cl-, but not due to an inhibition of glucose utilization by Na+deficiency in the medium. The mechanism is the same as that in the estrus uterus of non-pregnant rat (Kamizaki et al. 1988) , rabbit aorta (Suzuki et al. 1981) or guinea-pig trachea (Shimizu et al. 1984) . In muscles after the middle stage, the decrease of contraction and the moderate cell swelling induced by iso-154 K+solution was reversed by the hyperosmotic addition of sucrose. Moreover, the decreased tension was prevented by the substitution of pyruvate or oxalacetate in iso-154 K+solution for glucose, and a degree of the restoration was gradually increased with the progress of pregnancy. Especially, in the end stage muscle, the decrease of tension was prevented remarkably by the substituted pyruvate or oxalacetate solution. When the substituted solution for Cl-with the different permeable anions was applied, the order of anion permeability did not completely correspond to that of decrease in the high K+-induced contraction by anion substitution. These results were similar to that of the muscle which the decreased tension in the high K+/Na+deficient solution is probably caused by both the cell swelling and inhibition of glucose utilization, that is, the rabbit trachea (Ueda et al. 1983 ), guinea-pig gall bladder (Shimizu et al. 1983 ) and guinea-pig taenia coli (Suzuki et al. 1980; Karaki et al. 1982) , but were different from that of the muscle which the decreased tension may be caused by the cell swelling. Therefore, the decreased tension induced by the iso-154 K+ solution in the rat pregnant uteri after the middle stage can be explained both the cell swelling and the inhibition of glucose utilization resulting from Na+deficiency in medium, that is, the mechanism of the decrease in the tension by iso-154 K+solution is probably transferred from cell swelling to the inhibition of glucose utilization with the progress of pregnancy.
In summary, the decrease of the developed tension induced by iso-154 K+solution in the rat pregnant uterus of the early stage is probably due to cell swelling, however, the decreased tension in muscles after the middle stage is caused by both the cell swelling and inhibition of glucose utilization by Na+deficiency in the medium.
